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6INTRODUCTION.
1. Scope of Tegts . The object in the tests made here was
to determine if possible, the action of wall footings under loads
and to discover the cause of their failure.
A wall footing under load acts as an inverted cantilever
beam. The wall serves as the reaction, and the footings on
either side, talcing the upward pressure of the earth, are subject
to the same external forces as a cantilever beam.
Acknowledgement. These tests were made in the Laboratory of
Applied Mechanics of the University of Illinois as a part of the
research work of the University of Illinois Experiment Station.
F. H. Millard and 17. A. Slater assisted in conducting the
tests. Immediate supervision of making the forms and test
specimens was given by D. A. Abrams, Associate in the Engineering
Experiment Station. To these and other members of the staff
acknowledgement is made for valuable assistance and suggestions.
3. Previous Data and Notation . Very little has been done
in the experimental field with the tests of wall footings.
The work here reported is a continuation of the work done by
Petrey and Ruskamp "Tests of Wall Footings" 1911, at the Engineer
ing Experiment Station of the University of Illinois. The first
series of tests upon which any data can be obtained, was made
at the Engineering Experiment Station in 1903 by Brand and
Bushnell "Tests of Concrete and Reinforced Concrete Wall
Footings". Another series of tests was made at the same place

7in 1910 l>e Bressler and Hjort, "Tests of Concrete and Reinforced
Concrete Wall Footings".
The specimens tested for this thesis were left over from
those made for the tests of 1911 and thus furnish a basis for
comparison on relation of strength to age.
The notation here used will be as follows
f
s
fiber unit stress in the steel.
f fiber unit stress in the concrete,
c
n ratio of modulus of elasticity of steel to that of
concrete, ( tahen as 15 here).
M the bending moment.
b breadth of specimen, (12-in. in all cases).
d distance from the compression face of the specimen,
to the plane of the steel in the case of the reinforced
footings, or to the bottom of the specimen in the case
of plain footings.
A area of cross-section of longitudinal reinforcement.
p ratio of the area of the steel reinforcement to the
area of the concrete above the center of the reinforce-
ment
.
o perimeter of one reinforcing rod.
j ratio of the arm of the resisting couple to
u bond stress in lb. per sq.in* on the surface of the
reinforcing bars.
V total shear at a given section for a given load,
v shearing stress in lb. per sq.in.
W total load on the footing.

8x distance of the center of gravity of the loads on one
cantilever from the face of the wall,
k ratio of the depth of the neutral axis of a section
below the top to
^ e deflection oj" the springs in inches at the end of the
footing.
deflection of the springs in inches at the middle of
the footing.
5. Classification of Stresses . Wall footings are subject
to the same kinds of stresses that occur in any general form
of concrete beam. They are classified as follows:
a. Tension in the longitudinal reinforcement.
b. Compression in the concrete.
c. Diagonal tension.
d. Bond stress.
e. Chear.
The only hinds of failures obtained in these tests -ere
bond failures, tension failures, and compression failures.
The tension failures usually occurred in footings of low rein-
forcement.
The shearing unit stress vras computed at two sections at
the breaking load. One section was taken at the face of the
wall and one at a distance "d" from the face of the wall. The
formula used for this conrputation was v = rr^r (see notation).b^d
The bond stresses were also computed at these same sections
of each reinforced footing at its breaking load. The formula
V
used was u = (see notation).

cThe tension in the steel was both measured by an extensometer
and computed for each increment of load. The formula used to
obtain the tensile stress is f„ = -r^r— (see notation).s Aod
The compressive stress in the concrete vras computed by the
formula fn =
2
fs.p .
The modulus of rupture 11 R" of the plain footings tested was
obtained from the formula R =
bd
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Measurements of the deflection of the springs supporting
the footing under load show that it assumes a position about
as shorn by the full line below. In order to malce the analysis
simpler, the springs are assumed to deflect as shown by the
dashed line below.
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II. MATERIALS AND TEST PIECES.
The description of the materials is taken directly from the
report of Petrey and Ruskamp, "Tests of Wall Footings", 1911.
5. Materials and Test Pieces , a. The sand was of good
quality, well graded and generally clean. Table 1 shov/s the
result of mechanical analysis of the sand used.
Table 1.
Mechanical Analysis of Sand.
Samples of 1000 grams.
Sieve
Ho.
Analysis by Brooks and Haeffner
Per Cert Passing
Feb. 6 Feb. 6 Feb. 7 Feb. 7
Anderson, Kent
Per Cent Pa
Mar. 11 Mar. 11
and Math
ssing
Liar. 13 Mar. 11
3 100.0 100.0 100.0 99.7 99.0 99.3
4 99.1 98.9 99.1 99.0 99.2 99.4
5 95.3 95.1 95.7 94.1 98.5 98.1 98.0 98.8
10 65.4 63.7 65.9 63.7 84.5 84.1 82 .
6
84.8
12 58.1 55.7 57.7 55.6 78.4 78.5 76.8 78.7
16 51.9 43.7 51.3 49.3 72.0 72.3 70.1 72.1
18 42.5 39.9 41.9 40.5 60.2 59.7 57.1 59.9
30 26.6 24.6 26.3 25.3 c; n?Qo <J • «_» 34.0
40 14.5 13.0 14.7 13.9 19.7 19.9 19.3 20.1
50 5.4 4.G 5.9 5.4 8.2 8.7 8.7 9.0
74 2.1 1.7 3.7 R Q 4.0 4.3
150 0.8 0.5 0.8 0.8 0.6 1.0 1.3 0.9
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b. The stone was good crushed limestone from Kankakee,
Illinois, ordered screened through a 1-in. and over a 1/4-in.
screen. It contained about 50 per cent of voids and weighed
about 32 lb. per cu.ft. In the determination of voids in the
stone, the material was poured slowly into the water to avoid
retention of air.
Table 2.
Mechanical Analysis of Stone.
Sample of 2000 grams.
Size of
Screen
Pe
Brooks
r Cent Passing
Sample
and Kaeffner
tto.
Anderson, Kent
and Math.
1-in.
1
100.0
2
100.0
3
100.0
4
100.0
5
100.0
6
100.0
7 8
3/4- in. 95.7 97.0 95.2 94.1 95.3 94.3 98.4 91.1
l/2-in. ~i <-> . ^ 61.0 56.2 60.9 58.5 57.6 60.7 41.2
3/8-in. 33.7 40.4 . «-> 36.7 30.9 35.0 16.7
No. 3 17.7 23.4 17.6 19.9 13.7 15.3 16.5 7.0
No. 5 2.9 5.0 6.0 4.7 2.3 1.6 9.3 2.2
No. 10 2.1 3.1 4.3 1.
3
1.1 1.8 2.0
c. The cement was Universal portland cement, furnished by
the manufacturers. The results of briquette tests of four samples
are given in Table 3. These tests were made according to
standard methods by Mr. B. L. Bowling in the Cement Testing
Laboratory of the University of Illinois.

1C
Table 3.
Tensile Tests of Universal Cement
Sample Date 7 clays 28 days
Neat 1 13 mortar Heat 1 :3 mortar
1 October 14, '10 589 198 674 278
275 323
2 November 22,' 10 684 227 709 283
3 January 15, '11 G53 240 731 319
4 March 14, '11 652 214 696 282
d. The concrete was mixed by men accustomed to the work.
Care was talcen to secure as uniform a concrete as possible.
The materials were proportioned by loose volume and weighed for
a check. The mixing was done by hand, the cement and sand
being mixed dry and the moistened stone added later. Water was
added until the mixture was fairly wet, and the mass was then
turned until of a uniform appearance.
e. The steel reinforcing bars consisted of plain round and
deformed bars. Hie deformed bars were l/2 in. square corrugated
bars with new style corrugations, and had an elastic limit of
about 55000 lb. per so. in. The round rods had an elastic limit
of about 35000 to 40000 lb. per sq.in. No tests were made on
the low elastic limit steel to determine this, but the steel of
the shipment used in these test pieces had about this elastic
limit.
S.. Test Specimens . The specimens were stored in the concrete
laboratory about nine months and in the Laboratory of Applied
Mechanics until tested. The footings were made in the Spring of
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1911. The effective cross sectional area of each plain footing
is 144 sq.in. and that of the reinforced footings is 120 sq.in.
With the exception of 170S. 1703-A, 1710 and 1710-A they are
five feet long, one foot wide and one foot deep. The wall of the
footing rests upon the main "beam at the center, and is one foot
high in every case. The general form of a footing is shown in
Fig. 3. Footings 1703 and 1703-A were three feet long. Footings
1710 and 1710-A were seven feet long and their other dimensions
were the same as mentioned above.
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III. I.ISTIiOD OF TESTING*
7. Instruments . The instrument used for reading the
deformation in the steel was an extensometer of the Berry type
as developed in the Engineering Experiment Station of the
University of Illinois. Readings were taken over two gauge-lines
on each side of the specimen at each applied load. The positions
of these gauge-lines are shown in Fig. 2. The gauge-lines were
6 in. long. Standard bar readings were taken with the extensomete
so that the corrections could be made for changes in temperature.
Fig. 4 shows the extensometer in position to take a reading.
The bent lever is pivoted at "D" . The details of the gauge-
holes are shown belov; the extensometer.
Fig. 5 shows symbolically the method of calculation.
8. Machine Used . All tests on the wall footings reported
here were made in the Riehle six hundred thousand pound machine
in the Laboratory of Applied Mechanics of the University of
Illinois.
9. Placing Specimens in the Machine . The specimens vrere
supported on helical springs placed on the weighing table of
the testing machine according to the arrangement shown in Fig. 5.1
for plain footings and Fig. 5. 2 for reinforced footings. The
device shown in Fig. 5.3 was used to keep the springs in place
and to transmit the pressure somewhat uniformly from the springs
to the bottom of the footing. The dowels "d M of Fig. 5.5 fitted
into the centers of the springs, holding them in position along

oooooooooooooooooooo
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Arrangement of Springs for Plain Footing.
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Arrangement of Springs for Reinforced Footing.
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the bar "b". The dimensions in Pig
.5. 3 apply to the tests of
reinforced footings only. The arrangement for plain footings
was similar but the bar "b" was smaller and springs of a different
size were used.
The springs used in the tests of the plain footings were
2-3/4 in. in diameter and 7 in. long. In the tests of the
reinforced footings it was found necessary to use more springs
in order to avoid closure before the breaking load was reached.
For the reinforced footings the springs used were 12 in. long
by 3 in. in diameter.
The footings were placed in the machine at an angle of about
30° with the longer horizontal axis of the machine to give more
ease in getting extensometer readings.
To secure an even distribution of load over the top of the
wall, a cast iron block was imbedded in plaster of paris on top
of it,
10. Ayolyiri^ the Load . The increments used in the application
of the loads were as follows.*
a. Plain footings 5000 lb. except 1705 in which 1000 lb.
increments were used.
b. Footings 1714 and 1713, 25000 lb.
c. Footings 1732 and 1733, 30000 lb.
d. All others, 20000 lb.
11. Explanation of Tables . Tables 1, 2 and 3 have been
explained in the discussion of materials.
Table 4 gives values of "j" corresponding "o different
percentages of steel in the reinforced footings.
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Table 5 gives the modulus of rupture, the resisting moment,
age, and cube strength of plain footings.
Table 6 gives the computed stress in the steel and in the
concrete, the shear at the face of the wall and at a distance
"d" from the face of the wall, the bond at the face of the wall
and at a distance "d" from the face of the wall, and the measured
stress in the steel for different loads for each reinforced
footing.
Table 7 gives a summary of the tests made on all footings.
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Table 4
Valuer of "j H for Corr
of Reirfor
Per cent
of Steel
0.42
0.52
0,55
0.77
0.85
0.98
1.04
1.25
sponding Percentages
ement •
3
.901
.892
.839
.874
.071
.862
.859
.852
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Table 5.
PLAIN FOOTINGS.
Footing
1702
1702-
A
1704-A
1706
1706-A
1708
1708-A
1710
1710-
Breaking
Load
lb.
15000
23000
22700
26500
54600
:5100
56700
11900
16400
.lodulus
of
Rupture
lb
. per
sq.in.
245
415
455
450
407
228
rqo
312
450
Moment
ii:-lb.
72000
11200
108000
127000
118000
66200
113400
92000
127000
Age Cube
days
:55
308
307
355
303
342
so;
:43
04
Strength
lb. per
sq.in.
2360
4150
4400
3780
3220
4170
3100
4170
Sketch of Failure
A
1
X
2
X
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Table 6.
KEIHTORCED CONCRETE WALL FOOTINGS.
Footing
No.
measured
Load
in
It).
A,
A,
s
Bond
At face
of rail
Computed Stresses
At
distance
"d" from
wall
Sheai
At face
of wall
At
dis-
tance
"d"
from
Trail
1714
1718
1723
1726
1729
1752
25000
50000
75000
100000
125000
151700
25000
50000
75000
100000
125000
135000
1600C0
20000
40000
60000
80000
90000
100000
110000
127500
20000
40000
60000
70000
80000
90000
129000
20000
40000
60000
80000
104200
30000
90000
120000
175000
1.0
0.98
0.93
1.0
0.7
0.84
0.87
0,84
0.87
0.67
0.58
1.0
1.0
0.97
0.60
0.48
0.37
0.20
0.92
0.86
0.81
0.76
0.60
0.58
0.90
0.93
C.86
0.61
0.68
0.78
0.79
4750
10100
29200
42100
1350
11700
i7800
4470
24150
HID000
5990
^5600
64300
103000
1300
13900
31300
43400
1320
35100
45100
11600
22700
29200
46400
53800
65000
11100
22900
33300
45700
51900
56000
65000
16500
33200
49600
58000
61200
64000
72500
16200
31800
46500
52500
58000
63000
91500
16000
32500
47700
58000
73000
10100
32400
40700
460
570
1170
1860
2160
2600
460
820
1330
1830
2070
2240
2900
455
920
1370
1610
1690
1765
2000
448
880
1280
1450
1600
1740
2530
430
900
1320
1600
2020
500
1610
2030
779 450 585 542
790 452 620 352
820 460 480 230
830 485 485 233
670
675
390
367
393
685
230
368

Table 6 (continued). 29
Stresses
Footing Load Bond Shear
No
.
in
z\AQ f At face At At face At
lb. /\ of wall distance of wall dis-
"d" from tance
wall "d"fron,
wall
1733 30000 0.98 7470 11350 580
OUUUU A OAu .yu 1 O AAA 2^200 A rt8y5
yuuuu A OOu .y^j TOO AT 770A A<SC *s UJ ioyu
t oa aa a A Q7U . vC OU >I y1 AAA^Hi-UUU OO/I A
A QOu ,y<d O /«2UU QA Ao'iy u u OQ AA
oT A/i AO AQAAAyouuu c AAAOUUU 817 440 00 c A A O
1743 20000 0.73 7400 15000 485
a aa aa*tuuuu A QOU
.
o& OO -4 AO c; AAAAOUUUU 1010
OUUUU A CO,o2 *1 A A AA/ UUUO 00 rr a2250
A / rU . <ir /OUUU O/l /I A
O AAA Ay uuuu A OO QTA A AOC U U U So /0
11000C 101000 3250 1120 695 390 228
1746 OAAAA<>uuuu 1 AX. U en AA0<oUU T 1 QAAxxyuu zl 1*74t-L/
^ AAAA*tuuuu T A1 . U QQA A 835
AAAAAOUUUU T AX . U AA«55700 T OC A1250
OAAA AoUUUU A AT»yl /( r* AA A47000 1550
lioOUU r; aaaa/ouuu <;yoU 930 540 A CA4:00 0C7
1749 20000 1.0 7600 21200 405
vl AAAA
^tuuuu u .yo •7 A/1 AACU^rUU A OA A A4-^UUU OAKoUO
o AAAAo UUUU A QOu • y*i COOAAoy.ouu 0<5UUU 1 OAA1/dUU
o AAAAo UUUU U . /o *7CjAAA/ yuuu "1 yi OAi*yu
T. A AAAAJ.UUUUU A cfi.OO A "1 AAy1500 1750
133500 122000 2330 1480 865 454 265
17^? OA A A A 0.65 jqAA4oUU 15500 415
40000 A W7C .73 A17 A AA23400 T AA31500 O A A840
AAAA A »70
.72 O CAA38500 47500 1 0*7 A1270
OAAAAoUOOO A a rt.45 r- r» A AA57000 T COA1520
n AAA
A
1000CC A TO. 18 58U00 15/0 1280 750 17170372 17<d
1756 20000 0.79 16300 435
A AA A A40000 ,7o 32800 one875
CiAAAAOUUUU A O A,o4 C AA A AoUUUU T A
•7 C A A A7 5000 .52 5c000 T /l A1420
A. A A A Ab U U U U A >7 A.30 bo50U u.500
ACT AAyoioo CI AAA01000 lo30 1090 638 <ZG AOOU Ol A<dlU
1759 20000 1.0 3900 9250 380
40000 1.0 9870 17850 740
60000 1.0 18S0C 27000 1145
80000 0.90 327 0C » 35300 14S0
97000 0.84 41800 1740
128000 55000 2280 640 373 500 293

Table 6 (continued)
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Footing
No.
Measured Commuted Stresses
Load
in
lb.
/\
*S U
Bond Shear
At face
of wall
At
distance
"d" from
v/all
At face
of wall
At
dis-
tance
»d"froii
Y/all
1760 20000 1.0 5500 10800 400
4000C 0.96 14500 21600 805
60000 0.97 26150 32400 1200
80000 0.96 59200 43100 1600
100000 0.92 52500 54000 2000
120000 0.83 63700 63500 2350
158000 70000 2590 815 475 540 315
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12. Explanation of Diagrams .
Diagrams called "load-deformation curves" were drawn for
each footing tested. In these diagrams the shape of the "bottom
of each footing as found be measuring the spring deflections
is shown. The closure of the springs is plotted as the ordinate
against distance along the footing as the abscissa. The load
for which the diagram was constructed is shown by the ordinate,
to another scale, of the upper left hand end of the curve. Above
each diagram the zero of the spring deflections is shown by a
red dotted line. From these diagrams the ratio of the closure of
the springs at the end to that at the middle can be readily
determined.
It was noticed from these diagrams that footing 1745 assumed
a very unusual position under its applied load, the middle
remaining higher than the ends up to a load of something greater
than 30000 lb. On account of this, a spring deflection diagram
was drawn for each observation point to see if any errors could
be 'detected in the readings. In this diagram the deflections of
the springs were plotted as abscissas against load as ordinates.
This diagram shows that the readings of deflections on the north
middle of the footing were unusually small. This leads to the
conclusion that some error has been made in the zero reading at
this point.
Spring deflection curves v/ere plotted for each reinforced
footing. The loads v:ere plotted as ordinates and the closure
of the springs at the center as abscissas.
In the load-stress curves, the stress in the steel in lb.
per sq.in., computed from the measured deformations, was plotted
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as abscissa, and the correspondinc loads as ordinates.
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13. Notes on tests and Failures .
170?
. Plain footing, 1:3:3 concrete. The footing failed
suddenly after a load of 26500 lb. had been put on it. The line
of failure was directly along the line of the wires put in the
specimen to hold the wall to the footing. In this footing no
preliminary indication of failure was given.
1702-A . 1:3:6 concrete. Failed suddenly at a load of
23300 lb. on a direct line with the face of the wall.
,1704
-A . 1:2:4 concrete. Failed while a load of 22700 was
being applied. The line of failure st-.rted at the corner of the
wall and footing on top and extended diagonally downward to the
center of the footing at the bottom.
1706-A . i:i:2 concrete. Failed at a load of 24600 lb.
Two cracks came from each corner of the wall, joined in center
of footing and ran down to bottom. See slcetch on page 27.
1708 . 1:2:4 concrete. The footing failed at 35100 lb. The
line of failure was very similar to that of 170S-A.
1703
-
A . 1:2:4 concrete. This footing failed at a load of
56700 lb. It was 3 ft. long. The crachs started at the corners
of the wall and footing, the two cracks on the same side of
footing joined at one-half the distance up the side and ran
down the center to the bottom.
1710 . 1:2:4 concrete. The footing vras 7 ft. long. It
failed at 11G00 lb. The line of failure ran from the corner
of the wall and footing to the bottom about 2 in. from the
center of footing.
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17 10-A . 1:2:4 concrete. Failed at a load of 1G400 lb.
The line of failure v/as very similar to that of 1710. This
footing was 7 ft. long also.
.1.714 . Reinforced with six 1/2-in. round rods (1.0^) The
first cracks were noticed at about 120000 lb. load just under the
edges of the wall on each side, and extending from a point 2 in.
from the top, to the bottom of the footing. The footing failed
at a load of 151000 lb. by slipping of the horizontal rods
at one end and by crushing at the top of the footing at the
face of the wall. The steel reached its elastic limit at a load
of about 100000 lb.
17.18
.
Reinforced with six 1/2-in. round rods (l.OjO. Very
f ew cracks could be detected in this footing until near the
breaking load. It failed at 160000 lb. Ho stress could be read
in the steel after a load of D3700 lb. was applied. The steel
reached its elastic limit at about" this load. It failed in
tension and bond. No necking of the bars was noticed, however,
when examined after failure.
1723 . Reinforced with six o/s-in. round rods (0.55<O.
The first cracks appeared at a load of 60000 lb. and ran from
the bottom of the footing to within about 6 in. of the top, in
line with the face of the wall. The probable line of failure
reached from the corner of the wall downward almost vertically
to the bottom of the footing. This crack v/as very apparent at
a load of 127500 lb. when the springs closed and the test was
abandoned. The elastic limit of the steel was reached at about
60000 lb. load.

7.0
1726
. Reinforced with six 3/s-in. round rods (0.55*0.
The first cracks on this footing appeared after the load had
passed 40000 lb. These cracks extended vertically upward from
each gauge point. At 30000 lb. load they had widened considerably*
The footing failed at a load of 129000 lb. by slipping of the
rods at one end. A piece of building paper was placed between
the wall and the main footing, the two being poured spearately.
1729
. Reinforced with six S/8-in. round rods (0.55*0
Small cracks appeared on the sides under the wall at a load of
60000 lb. A small crack appeared at one gauge point at a load
of 40000 lb. There were eighty of the smaller springs under this
footing and they closed at a load of 104800 lb., before the
footing had failed. At this load a large crack appeared at the
corner of the wall and footing and extended vertically to the
bottom of the footing.
1.752 . Reinforced with six l/2-in. square corrugated bars
(1.25|/0. The first cracks were noticed at a load of 90000 lb.
when they appeared at the face of the wall. The footing failed
suddenly at a load of 175000 lb. by splitting along the reinforc-
ing rods. The wall and main part of the footing were poured
separately, a piece of building paper being placed between them.
No necking of the bars could be found. No portion of the uncover-
ed rod had scaled.
17 . Reinforced with six 1/2-in. square corrugated bars
( 1.25f0. The diagonal cracks appeared on this footing at a load
of about 90000 lb. These cracks gradually widened as the load
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increased and at a load of 175500 lb. the elastic limit of the
steel was passed. At 210000 lb. load the cracks began to widen
quite noticeably and crushing was noticed at the face of the wall
and which extended up into the wall. After sustaining the load
of 210000 lb. for about 45 seconds, the footing failed violently
by complete crushing of the wall,
,1745 . Reinforced with two 5/3-in. round rods (0.52^).
The cracks appeared at 60000 lb. load under one face of the wall.
This footing had building paper placed between the wall and the
footing. It failed in tension at a load of 110400 lb. The line
of failure extended vertically down from one face of the wall.
1746 . Reinforced with three 5/8-in. round rods (0.77fO.
The first cracks appeared on this footing at 79700 lb. load.
The elastic limit of the steel was passed at a load of about
113600 lb. A noise was heard at this point. Failure occurred
at a load of 118000 lb. in tension, followed by a slight crush-
ing of the wall.
1740 . Reinforced with two 1/2- in. square corrugated bars
(0.42^0. Cracks appeared at about 60000 lb. load under the
edge of the wall near the bottom of the footing. The steel
reached its elastic limit at a load of about 75000 lb. The
footing failed in tension at a load of 123500 lb. The tension
was followed by a compression failure of the upper face of the
specimen near the wall.
1753 . Reinforced with two 5/3-in. round rods (0»52$),
This footing had small springs under it and they closed at
100000 lb. load, before the footing had failed. Cracks had
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appeared "before a load of 60000 lb. was reached. These cracks
ran from the bottom of the footing to within Z in. of the edge
of the wall. At a load of S0000 lb. these cracks had almost
reached the top of the footing.
1756 . Reinforced with tv;o 5/8-in. round rods (0.52%).
The reinforcement was too deep on this footing to use the
extensometer and only deflection readings were taken. Diagonal
tension cracks appeared at a load of 75500 lb. These cracks
widened, especially at a load of 89000 lb. and the footing
failed violently at 95100 lb. The line of failure was very
similar to those described above.
.1759 . Reinforced with four 5/8-in. round bars, bent up,
(1.04$). This footing failed in about the same manner as did
footing 1760, failure occurring in diagonal tension at a load of
about 128300 lb. The line of failure was almost exactly the same
as that of footing 1760.
1760 . Reinforced with four 1/2-in. square corrugated bars,
bent up, (0.85^). The footing showed no cracks until a load
of 120000 lb. was. reached. It failed in tension at a load of
147000 lb. A crack appeared at the junction of the wall with
the footing, following, near the end, something of the course
of the reinforcement. The portion of the footing between the
wall and the reinforcing bars was broken out, leaving the rods
exposed. They had not slipped.
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IV. DISCUSSION.
A. PLAIN FOOTINGS.
,14. All of the plain footings tested were of the same cross
section (14-4 sq.in. ). There were three different lengths used.
The plain footings 7 ft. long which had a cantilever arm of 3 ft,
failed at an average load of 14100 lb. The 5 ft. plain footings
carried an average load of 22360 lb.
The modulus of rupture of the three 3-ft. footings averaged
310 lb.per sq.in., of the 7-ft. footings 3S3, and of the 5-ft.
footings 3G5. The length of the footing does not seem to affect
the modulus of rupture materially. The 1:3 :s mixtures had an
average modulus of rupture of 327 lb. per sq.in., the 1:2:4
mixtures of 368 and the 1:1:2 mixtures had a modulus of rupture
of 407 (one specimen). The richest mixture developed the
greatest strength.
B. REINFORCED FOOTINGS.
The footings which had the highest per cent of reinforcement
usually carried the greatest load. The tension failures
occurred, in most cases, in footings of light reinforcement.
TYhere the reinforcement exceeded 0.52<o there was usually some
indication of bond failure along with the tension. This was
probably due to the fact that the area of the steel was in-
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creased by using larger bars rather than by increasing their
number, and thereby sufficiently increasing the bond area.
The corrugated bars developed a very high bond stress. The
corrugations on these bars increased the bonding strength by
an amount which is some function of the shearing strength of
the concrete.
15. Abearance of the First Oracle . The first noticeable
cracks usually appeared in the reinforced footings after the load
had passed 40000 lb. The cracks usually extended from the top
of the footing at the wall either vertically downward, or out
and down to the bottom. The tension cracks were vertical.
Diagonal tension cracks appeared in some of the footings of
high reinforcement, but they did not widen very rapidly as in
most cases they appeared in footings with bent up rods.
The footings were not whitewashed and it is probable that
the first appearance of hair cracks was not detected,
16. Cause and Llanner of Failure . Out of the fourteen
reinforced footings tested, there were seven tension failures,
two bond failures, four combined tension and bond failures and
one compression failure.
The tension failures generally occurred in the footings with
a small amount of reinforcement. The highest percentage of
reinforcement vrtiere the footing failed in tension was in 1759.
It was reinforced with four 5/3-in. round bars bent up, 1.04<£.
The other tension f ai lures were in footings of 0.55^ reinforcement
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or less. The tension cracks appeared at a load of something
less than 40000 lb. These cracks widened considerably when the
steel had reached its elastic limit.
The bond failures occurred in footings having round straight
bars, in one case with 1.0*£ reinforcement and in another case
0.55^ reinforcement.
The footings which failed by combined tension and bond
ranged in amount of reinforcement from 0.55^ to 1.25^. The
rods were both bent up and straight.
Footing 1733 apparently failed in compression by crushing
of the wall, but the primary cause of the failure was very
likely tension in the steel. The computed stress in the steel
was 78750 lb. per sq.in. for a load of 150000 lb. This stress is
very high. The steel probably started to fail and consequently
raised the position of the neutral axis, causing secondary
compression failure indicated by the crushing of the wall.
The computed stresses in the steel of almost all of the
reinforced footings tested is noticeably higher than the
measured stress. No reason is known why this should be so.

CONCLUSIONS.
17. Summary
.
By comparison it uas found that there v:as no
very noticeable difference between the strength of the plain
footings reported here and those tested by Petrey and Ruskamp.
The modulus of rupture of concrete does not seem to increase with
age after the first sixty days.
Tlie values of the modulus of rupture for the plain footings
ranged from 223 to 450 lb. per sq.in. The richest mixture vras
the strongest. The i:i.*2 mixtures had an average modulus of
rupture oi 407 lb. per sq.in., the 11214 mixture an average mod-
ulus of 3G3 and the 1:3:6 mixture a modulus of rupture of 327
lb. per sq.in.
The length of the footing did not affect the modulus of
rupture.
The tests of the reinforced footings sho- an increase in the
percentage of tension failures over those tested the last year.
There were no shear or diagonal tension failures, no pure
compression failures. This indicates that the ability of the
concrete to resist shear, diagonal tension and compression had
increased. The primary cause of failure in the footings of
1.25^ of reinforcement was tension. This shov;s that with footing
of this kind, much reinforcement can be used economically if
necessary.
The relative strengths of the control cubes of the same
mixture tested in 1911 and for this report also show an increase

in the strength of the concrete due to age. This is shown in
Table 8.
Table 8.
Relative Strength of Control Cubes of
Different Ages,
Average Crushing Strength, lb. per sq.in.
fixture
60 days 1 year
i:i:2 3300 4200
1:2:4 2700 3500
1:3:6 2100 2500
The cracks appearing on many of the specimens tested
indicate the value of some such method of reinforcement as is
shown in Fig. S to bond these cracks together. No footings
were tested with this kind of reinforcement.
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